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DISCLAIMER 


GPA publications necessarily address problems of a general nature and may be used by anyone 
desiring to do so. Every effort has been made by GPA to assure accuracy and reliability of the 
information contained in its publications. With respect to particular circumstances, locai, state, and 
federal laws and regulations should be reviewed. It is not the intent of GPA to assume the duties of 
employers, manufacturers, or suppliers to warn and properly train employees, or others exposed, 
concerning health and safety risks or precautions. 


GPA makes no representation, warranty, or guarantee in connection with this publication and 
hereby expressly disclaims any liability or resp: sibility for loss or damage resulting from its use or for 
the violation of any federal, state, or municipal regulation with which this publication may conflict, or 
for any infringement of letters of patent regarding apparatus, cquipment, or method so covered. 


FOREWORD 


Measurement by mass is often utilized where conditions in temperature, pressure, intermolecular 
adhesion and solution mixing present difficulty in converting volumes from flowing to standard 
conditions, such as with ethane, natural gas liquids (NGL), or ethane-propane mixes. Measurement by 
mass is often preferred for chernical reactions and various processes where the mass ratios of 
components are of primary interest in effecting control of the operation. 


This standard was developed jointly by GPA Section H, Measurement and Product Handling, and 
the API Committee on Gas Fluids Measurement (COGFM). It is referenced by AP} as Chapter 14, 


Section 7 (14.7) of the API Manual of Petroleum Measurement Standards (MPMS). The participation 


of COGFM in developing this standard is gratefully appreciated and acknowledged. 


Throughout this publication, the latest appropriate API, GPA and ANS] Standards are referenced. 
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1. SCOPE 


This publication serves as a reference for the selection, 
design, installation, operation, and maintenance of single phase 
iiquid mass measurement sysiems which Operate in the 300 to 
700 kg/m? (0.3 to 0.7 gmvcc) density range. 


Liquids with density below 300 and above 700 kgim3 
(below 0.3 and above 0.7 gm/cc) and cryogenic fluids are 
excluded from the scope of this document. 

NGL Product should be analyzed to determine the mixture 
composition. These data should be considered in making a 


determination of the measurement methods and equipment to be 
used. 


Sampling equipment and techniques are covered including 
standards for analytical methods used to determine the 
composition of the sampled product. Equations of state and 
correlations used to calculate the density of the product are 
discussed. The publication used to convert mass to equivalent 


Nauid vol “OF Gasin ‘aleo dicmicse: a 
liquid volumes of components is also discussed. 


Equipment exists which uses diverse principles for 
measuring volume, sampling the product, and determining the 
composition and density of the product. This publication does 
not advocate the preferential use of any particular type of 
equipment. It is not the intention of this publication to restrict 
future development or improvement of eaninment. The 
contracting parties to any agreement should mutually agree on 
the equipment to be used. 


2. BASE CONDITIONS 


Absolute densily, often refered to as simply density is 
defined as Mass per Unit Volume. 


Mass is an absolute measure of the quantity of matter. 


Weight is the force resulting from an acceleration due to 
gravity ay B upon a mass - changes of gravity acceleration 
from one locality io anviher will aficci ihe resuliing weigh force 
observed. 


Therefore, quantities determined in this procedure shall be 
mass rather than weight. This should be accomplished through 
procedures in AP] Chapter 14.6 by referral of weighing devices 
used to calibrate density meters to test weights of known mass. 
This referral or calibration is done in the same 
gravitational force) as the densitometer location, elimi 
need of further correlation for local gravitational force 
variances. 


Weight observations to determine f 
corrected for air buoyancy (commonly c 
vacuum”). Such -*servations can be used in conjunction with 
the calibration uf density meters or for checking the 
performance of equation of state correlations. Procedures are 


Volumes and densities of NGL Products shall be determined 
at operating temperatures and pressure for mass measurement to 
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eliminate temperature and compressibility corrections. 
However, equivalent volumes of components are often 
computed for the determined mass flow. These volumes will be 
stated at Standard Conditions as follows: 


3. STANDARD CONDITIONS 
Temperature - 15°C. (or 60°F.) 
Pressure - Higher of 101.325kPA (14.696 psia) or 
Product equilibrium vapor pressure at 15°C 
(or 60°F.) 
4. MASS DETERMINATION 


Mass measurement is frequently obtained by the following 
methods: 


4.1 When using Displacement or Turbine Meters 


TOTAL MASS = 
Metered Volome Metex Factor 
at Opermting X aw Operating 
Conditions ‘Conditions 


Conditions 
Conditions 
Gif applicable) 
4.2 When Using Orifice Meters 
Use the mass equation in API Chapter 14.3. See Para. 6.4 
for further discussion. 


§. DENSITY DETERMINATION 


5.1 Measured Density — Measured density of products shall 
be determined using density meters installed and calibrated in 
accordance with API Chapter 14.6 “Continuous Density 
Measurement”, or as otherwise agreed between the contracting 
parties. 


5.1.1 Density instruments or probes shall be installed as 
follows: 


3.1.1.1 There must be no interference between flow meter 


ity transducer or probe 
ty transducer or probe w 


either the flow or density measurement. 


would adversely affect 


3.1.1.2 Temperature and pressure differences between the 
fluid in the flow meter, the densily measuring device, and 
ating devices must be within specified limits for the Muid 
being measured and the mass measurement accuracy expected or 
required. (See Figures 6 and 7, API Chapter 14.6.) Insulation 


shall be provided if required. 


y be installed either upstieam or 
downstream of primary flow device in accordance with 
applicable standards but should not be located between flow 
straightening devices and meters and must not cause fluid to 
bypass the primary flow measurement device. 


5.1.2 Densitometer accuracy will be seriously affected by 
accurnulation of foreign material from the flowing stream. This 
possibility should be considered in selecting density 
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measurement equipment, determining mounting orientation, and 
in determining the frequency of density equipment calibration 


Accuracy of the data recording, transmission 


and computation equipment, and/or metheds should also be 
considered in system selection. See API Chapter 14.6 for further 
comments. 


5.2 Empirical — Liquid density at flowing conditions may 
be calculated as a function of composition, temperature, and 
pressure when use of measured density is not practical. It is 
recommended that the calculated or measured mass density be 
applied i in real time to the flow meter. This provides for the 
maximum mass measurement precision, ie. the in 
volume of liquid measured is always in direct time relation to 
the density measured or calculated and precludes errors caused 
by flow irregularities or stoppages. However, it is common 
practice to use the composition of a sample taken continuously 
during the delivery period proportional to the volume delivered, 
and to use the average temperature and pressure for the delivery 


period. 
pened. 


emental 


Calculations of density at flowing conditions may be made 
by means of empirical correlations or by generalized equations 
of state. The empirical correlations are derived from fitting 


experimental data cove! 
experimental data cove: 


temperatures, and pressures and can be inaccurate outside these 
ranges. GPA TP-} for ethane-propane mixes and GPA TP-2 and 
TP-3 for high ethane raw make streams are examples. 


specific ranges of composit: 
specific ranges of compositions, 


Generalized equations of state do not have strict limitations 
as to ranges of compositions and conditions and have application 
for a wide variety of systems; however. empirical correlations 
are more accurate when applied to the specific systems for 
which they were derived. The Rackett Equation, the Starling- 
Han modification of the B-W-R Equation of State, and several 
modified Redlich-Kwong Equations of State (Soave, Mark V, 
Peng-Robinson) are examples. 


It is the responsibility of the contracting parties to verify the 
validity and limits of accuracy of methods considered for 
empirical density determination on the particular fluids to be 
measured. 

Significant errors can occur from inaccuracies in 
temperature and pressure measurement, recording or integration, 
Measurement of products having densities less than 600 kg/m” 
{0.6 gin/cc) is particularly su: one 
inaccuracies. 


to the above. 


The highest level of precision is required for the lowest 
densities. See API Chapter 14.6, Figures 6 and 7 for 


recommended precision levels of temperature and pressure. 


6 VOLUMETRIC MEASUREMENT 


Volumetric measurement shall be accomplished using a 
asurement system of accuracy acceptable io the contracting 
parties. Industry standards have been established for orifice, 
positive displacement, and turbine meters. Ant ich measuring 
system used should be installed in accordance with these 
industry standards; however any measurement system of suitable 
accuracy may be empioyed which is acceptabie to the 
contracting parties and installed in accordance with best industry 


compensation of 
compensation of 


any type shall not be used with this procedure. 
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6.1 Displacement Meters — Displacement meters used for 


volumetric measurement in deriving total mass shall conform to 
tecommendations in APT Chapter §.2 for the service intended. 
Temperature or pressure compensation devices are not to be 
used on these meters, and accessories used shall conform to 
tecommendations in API Chapter 5.4. 


62 Turbine Meters — Turbine meters used for volumenic 


Measurement in deriving total mass shall conform to 
recommendations in API Chapter 5.3 for the service intended. 
Temperature or pressure compensation devices are not to be 
uscd on these meters, and accessories used shall conform to 


recommendations in API Chapter 5.4. 


6.3 Meter Proving — Turbine and displacement meters shal! 
be proven in accordance with API Chapters 4 and 5. The 
proving device shall be installed to provide acceptable 
temperature and pres ure variances between the prover and 
meter, preferably witha the limits shown in Figures 6 and 7 of 
API Chapter 14.6. wired 
Mathematical compensation shail be made for temperature and 
pressure deviations outside tolerances of API Chapter 14.6. 


fo will be provided if rea: 
ir mwill be provided if req 


Should meter and prover temperatures and pressures vary, 
prover volume shall be corrected to meter operating conditions 
as per API Chapters 11 and 12 or on other pressure, temperature, 
volume data which may apply to the product as agreed upon by 


the contracting parties. 


64 Measuremeni By Orifice — Mass measurement by orifi 
shail conform to API Chapter 14,3, Calculation of the equivalent 
component volume at standard conditions can then be made 
utilizing GPA Publication 8173 (API MPMS Chapter 14.4). 


7. SAMPLING 


Sampling shall be accomplished in a manner which yields a 
sample which is proportional to and representative of the 
flowing st cam during the measuring interval. 


Procedures as outlined in API Chapter 14.1, Appendix 2 of 


this publication, and GPA Standard 2174 shall be foliowed as 
applicable. 


Products which have equilibrium vapor pressures above 
atmospheric pressure shall be maintained at a pressure where 
yaporization cannot occur within the on-line sample system or 
floating piston transportation containers. 

Use of sample collection and wansportatiun containers 
equipped with floating pistons or bladders, and equipped to 
Tnaintain sample storage pressures above vapor pressure is ane 
effective way to avoid liquid-vapor separation. When utilizing 
this type of equipment, adequate precautions must be observed 
to allow for thermal expansion of the product so that excessive 
pressure or release of product does not occur. Procedures shown 


opendix 2 of 
in Appendix 2 of u 


The use of sample handling procedures outlined in API 
Chapter 14.1, Annex B, utilizing immiscible fiuid outage 
eylinders is permissible if agreed upon by the parties. Water 
used with this method will potentiafiy resuit in removal of 
carbon dioxide or other water soluble components from the 
sample. 


STD-API/PETRO MPMS 14. ?-ENGL 1951 Ml 0732290 one 


s for thorough mixing of sampies shaii be 
provided to insure that samples transferred to transportation 
cylinders and the following analyses obtanied are representative 


the follo ‘Analyses'0 fare seprcee| 


of the flowing stream during the measured interval. 


8. SAMPLE ANALYSIS 


Depending upon the composition of the stream, liquid 


sample. analysis shall follow appropriate chromatographic 
procedures described in GPA Standards 2165, 2177, and 2186 or 
other methods agreed upon by the contracting parties. 

Where applicable, such as with NGL mixes, extended 
analysis may be required on a regular or periodic basis 7 
accurately determine the molecular weight an 
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hexanes pius fraction (or of the last significant fraction 
determined by agreement). 


% CONVERSION OF MEASURED MASS TO VOLUME 


Conversion from measured product mass into equivalent 
volumes of components shall be in accordance with GPA 
Standard 8173 (API Chapter 14.4}, as showa in Appendix “1”. 
In this procedure, a chromatographic analysis representative of 
the measured product is used to determine the mass of each 
individual component which comprised the total mass. The 
individual component masses are then converted to their 
respective equivaient liquid volumes at standard conditions 
using component density values from GPA Standard 2145. 
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APPENDIXES 


1, EXAMPLE CALCULATION FOR CONVERSION OF NATURAL GAS 
LIQUIDS (MASS)TO EQUIVALENT LIQUID VOLUMES 


SEUNITS 
MOL wr MASS COMP DENSITY 
COMP MOL%  MOLWT xMW FRAC KG MASS KGICUM cU.M 
co, O11 x 44.010 4.84 x 374350 = 414+ 821.94 = 0.50 
Cc; 2.14 16.043 34,33 374350 2939 300.00 9.80 
Cy 38.97 30.070 1171.83 374350 100331 357.76 280.44 
Cc, 36.48 44.097 1608.60 374350 137732 507.30 27156 
IC, 2.94 58.123 170.88 374350 14631 562.98 25.99 
NC, 8.77 $8,123 509.74 3: 43644 584.06 14.73 
ICs 1.71 72.150 123.38 374330 10564 624.35 16 92. 
NC; 1.82 972.150 131.31 374350 11242 631.00 17.82 
Ce 7.06 87.436* 617.30 374350 52853 713.1* 74.17 
Total 100.00 4372.27 374350 TN 82 
* Extended Analysis 
ENGLISH UNITS 
MOL % WT TOTAL COMP DENSITY 
COMP MOL % MOL WT xMW FRAC LB MASS LB MASS LB/GAL GALLON 
Co, Obl x 44.010 484 001107, =x = 825300 = 914 + 6.8199 134 
ion 2.14 16.043 34,33 OUF85Z 825300 6480 2.5 2592 
Cy 38.97 30.070 1171.83 268014 825300 221192 2.9696 74485. 
G3 36.48 44.097 1608.66 367923 825300 303647 4.2268 71830 
IC, 2.394 58.123 170.88 039083 825300 32255 4.6927 6873 
NC, 8.77 58.123 509.74 116585 825300 96218 4.8691 19761 
ICs 171 72.450 123.38 028219 825300 23289 5.2058 4474 \ 
NC, 1.82 72.150 BI -030032 825300 24785 5.2614 4711 
Coy 7.06 87,436 617.30 141185 625300 116526 5.951* 19580 
Tota: 100.00 4372.27 1,000000 825300 204449 
“Extended Analysis 
NOTE - Calculation procedures for Appendix XJ are the same as used in GPA Standard 8173 “Converting Mass Natural Gas 
Liquids and Vapors to Equivalent Liquid Volumes”. 


X2. INSTALLATION AND OPERATION OF FLOATING 
PISTON SAMPLER 


The procedures included herein are presented to supplement 
other existing procedures, specifications and standards with 
regards to sampling higher than atmospheric vapor pressure 
products, where flashing of lighter components within the 
container may cause distortion of the sample composition. 


X2.2 General 


All samples should be obtained using some type of probe, 
preferably from the center of the flowing stream. A bypass 


around a device that causes a differentia 
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orifice plate, or small pump is used to supply fresh product to 
bypass-type sample injection valves. See Figure X-1 and X-2. 
Bypass lines must not bypass primary volume measurement 
devices 

Precautions shall be taken to avoid vaporization in sample 
loop lines when operating near the product vapor pressure. In 
some instances, it may be necessary to insulate sample tines, 
sampie coniainers, etc., or to controi ihe pressure or iemperature 
of sample containers containing volatile materials. 


Sampie loops should be short, of smail diameter, and sample 
from the center of the stream. Adequate sample loop flow rates 
shall be maintained to keep fresh product at the sample valve 
and to reduce time lag between meter and sampler to a 
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1/4" to 1/2” tubing 


conteratroam 
sample proba 


———Ss 


Figure X-1. Typical sample probe installation on 
orifice flange. 


Pump {5 to 1pei AP) 


XX 


Flow thru sampie injection 
vale 


f 


Canter + strmam 


5 


Figure X-2. Typical sampie probe installation for 
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All sample lines, pumps, ete., should be purged or bled 
down when sample collection cylinders are emptied to avoid 
contamination or distortion of the following sample. Sampler 
systems should be designed to minimized dead product areas 
which could distort samples. 


Obtaining a representative sample for transport to the 
laboratory shall be in accordance with GPA Standard 2174, 
Annex “B” of API Chapter 14.1 or other recognized procedures. 
Sample containers must be adequately sized and if samples are 
to be shipped by commion carticr, must comply with ihe latest 
Hazardous Materials Regulations of the United States 
Department of Transportation. x 


X2.3 Proportional Sampling of Natural Gas Liquids 


Proportional samplers take smail sampics of the flowing 
stream incremental to the flow rate. Caution is advised if time 
based increments are utilized due to possible flow irregularities 


or stoppages. 


The sample collecting system shall be designed to contain 
the collected sample in the liquid state. This may be done using 
a piston cylinder or cylinder with a bladder. Both the piston 
cylinder and bladder cylinder normally use inert gas vapor, 
hydraulic oii, or pipeline fiuid to oppose the liquid injection and 
maintain a pressure level above vapor pressure of the sample. A 
typical proportional sampler is shown in Figure X-3 and X-4. 


Sample injection pumps or devices which inject sample into 
4 container shall be designed to deliver a constant volume per 
stroke over their normal operating pressure range. 


X2.4 Mixing 


A proportional sampler’s content must be mixed to be truly 
homogeneous and representative before it is transferred to 
portable sample containers. Product mixing should not be 
attempted until the sampler has been isotated from the source. 


X2.5 Transfer to Portable Cylinder 


Ter mixing: hac 


After mixing has been accomplished, the sampled product 
may be transferred to a portable piston cylinder or a double 
valved sample cylinder using the immiscible fluid displacement 
method, The transfer from the sampler to the portable cylinder 
should use recommended GPA procedures. When the required 
number of portable cylinders have been filled, the remaining 
product in the sampler must be vented back into the pipeline or 
disposed of before the sampler is returned to service. 


Obtaining a representative sample of the stream liquid for 
Wansport to the laboratory shall be in accordance with GPA 
Standard 2174 ur Annex B of API Chapter 14.1, or other 


sraccdlire aoreed =~ gt 


procedure agreed upon between the contracting parties. 


Caution: Positive, reliable provisions shall be made for a 
minimum of 20% vapor space within the shipping container to 
accommodate thermal expansion: only DOT approved 
CONT EFS shali be used, = rs 
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Figure X-3. Typical proportional sampler. 
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